Although prolactin has been demonstrated to be the main hormone involved in adaptation to dilute media in several freshwater teleosts, few studies have been conducted in marine teleosts. In the Mediterranean, the sea bass Dicentrarchus labrax inhabits environments ranging from the open sea to coastal lagoons, where salinity varies greatly. We characterised the prolactin (prl) gene and analysed its expression in two organs (gill and intestine) in D. labrax acclimated to either freshwater or seawater. A 2819 bp long sequence encompassing the prl gene and a part (282 bp) of the promoter were identified, and these comprised 5 coding exons separated by 4 introns. Prolactin was similarly expressed in fresh-and seawater adapted fish, although expression in gills was significantly greater than in the intestine. Nonetheless, individuals unable to successfully regulate osmotic balance in freshwater presented overall low expression rates. Results are discussed according to the mechanism of sea bass adaptation in the wild and to their life cycle between open sea and lagoons. Finally, a phylogenetic analysis indicated that teleosts are not branched according to their life-history features (e.g. seawater vs. freshwater habitats), and no signature of positive selection was detected across the phylogeny of the prl gene in teleosts.
Introduction
Prolactin (PRL) is a member of a family of structurally similar proteins classified as 3 group I of helix bundle protein hormones (Freeman et al., 2000) , which includes growth 4 hormone and somatolactin in teleost fish, as well as placental lactogen in mammals. PRL, a 5 pituitary hormone, is ubiquitous and has almost 300 recognized functions in vertebrates 6 (reviews in Bole-Feysot et al., 1998) , that include: (1) water and electrolyte balance, (2) 7 growth and development, (3) metabolism, (4) behaviour, (5) reproduction, and (6) 8 immunoregulation and protection (Bole-Feysot et al., 1998). Pickford and Phillips (1959) 9 demonstrated that PRL was involved in freshwater adaptation by the killifish Fundulus 10 heteroclitus. Numerous subsequent studies investigated the role of PRL in osmoregulation, 11 and it is now generally accepted that PRL plays an important role in water balance, especially 12 in freshwater where it prevents both diffusive ion loss and osmotic water uptake (McCormick, 13 2001; Hirose et al. 2003 ). 14 The gills, intestine and kidney have been shown to be the main sites of osmoregulation 15 in teleosts (reviews in Evans et al., 1999; Marshall, 2003) and the osmoregulatory actions of 1997; Shepherd et al., 1997) . It is well known that PRL receptors are present in these organs, 19 indicating that these are the sites of PRL action (Lee et al., 2006) . However, the prl gene has 20 also been shown to be expressed in the liver, intestine and gonads of the gilthead sea bream 21 (Sparus auratus) (Santos et al., 1999) , as well as in the liver, kidney, spleen, gill, muscle, 22 gonads and brain of the goldfish (Carassius auratus) (Imaoka et al., 2000) . According to 23 Santos et al. (1999) , prl gene expression in tissues other than the adenohypophysis can reflect 24 regulatory mechanisms that are different than those for the pituitary gene. Hence, the function 25 of ectopic PRL remains to be elucidated. As complete gene sequences are potentially involved 26 in gene regulation and expression through, e.g., transcription slippage or alternative mRNA 27 splicing, accumulating data both in coding and non-coding regions is important to further 28 understand how prl genes have evolved in teleosts. 29 Because of its role in freshwater adaptation, interest in the role of PRL in marine 30 teleosts is much more recent (e.g., Doliana et al., 1994; Kelly et al., 1999; Santos et al., 1999; 31 Astola et al., 2003 , and references therein). However, marine species generally offer 32 opportunities for comparative studies of gene expression with freshwater species. They also 33 provide good models to study variation in PRL expression because ecophases of some species 34 4 may exploit different salinity environments, ranging from seawater to freshwater, across their 1 life-cycle. This might imply distinct patterns of gene expression and/or gene regulation in 2 osmoregulatory organs during the course of development, which might reveal ecological 3 requirements of species at a specific stage. The European sea-bass Dicentrarchus labrax 4 (Perciformes; Moronidae) is a marine teleost whose adults tolerate salinities ranging from 5 freshwater to hypersaline seawater (Jensen et al., 1998) . In the wild, some populations move 6 seasonally between the open sea and lagoons/estuaries or even migrate up rivers to complete 7 freshwater (Barnabé, 1976; Kelley, 1988) . Saillant et al. (2003) further demonstrated that sea 8 bass juveniles have a low saline preferendum (15‰ compared to 37‰ in seawater) that 9 corresponds to the conditions they may encounter during their juvenile ecophase in 10 Mediterranean lagoons. Acclimation of sea-bass to freshwater has been performed in several 11 studies (e.g. Venturini et al., 1992 19 In the current study, we characterise the complete sequence of the prl gene of D. labrax.
20
The study then study focused upon i) the expression patterns of the prl gene in the main 21 osmoregulatory tissues in seawater acclimated sea-bass, and in fish successfully and and Gojobori, 1999]). The FEL results was designed for low numbers of sequences (<100), 22 and was shown less conservative than other methods (Kosakovsky-Pond and Frost, 2005a). 23 The selected nucleotide model was the standard HKY85 model (Hasegawa et al., 1985) . We , where more details can be found. The initial significance level of analysis was set to 9 α = 0.05. We performed such analyses using both the full coding sequences available (i.e. 10 representing the prohormone), and using only sequences corresponding to the final hormone 11 after deletion of nucleotides identified in the coding of the signal peptide. was performed by using 1µl of 1:10 diluted products in 2mM MgCl 2 and 10 pmol of each 22 primer PRL 2F and PRL 5R ( The sequence of the prl gene contains 5 coding exons of 43, 113, 108, 183 bp for exons 9 1 to 4, respectively. Because of the design of primer PRL 5R within the last exon (Fig. 1) , the 10 full length of the fifth exon is truncated and we amplified only 179bp ( end with the consensus GT and AG splicing signals (Fig. 2) . Further to the gene sequence, we 18 also amplified a small portion (282 bp) of the promoter, where one TATA box (TATAAAA) 19 and a pituitary specific factor 1 binding site (Pit-1, TAACCAT) were found (Fig 2) . We did 20 not identify polymorphisms (either at synonymous or non-synonymous positions) in coding 21 regions of the prl gene in the seven individuals (wild adult spawners). T. nigroviridis; Fig. 3 ) compared to all other species. In all percomorps this amino-acid was was dependent upon both condition and tissue (Fig. 4) . Expression was significantly higher in 25 gills than in the intestine for all SW, FW and Lag samples (P < 0.05; Fig. 4A, B) , although 26 not in the UF and Sea samples (P = 0.445 and P = 0.537, respectively).
Expression analysis of PRL in extrapituitary organs
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In sea-bass submitted to an experimental salinity transfer, a high PRL expression was 28 recorded in gills of FW and SW individuals (Fig. 4A ). In the UF gills, however, a 29 significantly lower expression was recorded (Fig. 4A ). In the intestine of the experimentally 30 acclimated sea-bass, no significant PRL expression was recorded in UF compared to SW and 31 FW (Fig. 4B) . When comparing experimental (SW, FW, UF) to wild-caught individuals (Sea,   32 Lag), a significantly higher PRL expression was recorded in the gills and intestine of the wild 33 animals compared to UF fish (Fig. 4A, B) . In wild sea bass, PRL expression was found were conducted on experimentally-exposed fish. and references therein) may play a role for the subsequent survival of the fish, although 12 changes in mRNA levels do not necessarily reflect different amounts of the encoded proteins. 13 The expression pattern of prolactin mRNA in gill and intestine described in the present study, observed difference between sea bass sequences is not due to last portion of exon V (see text 17 and Table 2 ). 24 Table 2 Organisation of the PRL gene in teleosts (length in base pairs). Except for the sea bass (this study), data are from GenBank (accession numbers are given in the text). A  Q  R  K  T  N  G  S  K  L  F  M  M  14  GCT CAG AGG AAA ACC AAT GGA AGC AAA CTC TTC ATG ATG G gtgagatgagctttgatc  343  aatctccgaaagtatttgaaaatgtgaaattatttgcatctgtctgtatggaatctaaacaatgctgtgttt  415  ttttaattttaaaatactgatatcagcctcaaaaatccagtattggcgggatacttaccattaaaaaacttt  487  gcatttccgcttttttatccaacaaaattcagtgattgattcattaatcatcattcattaaatccttcagaa  559  aacattcaatgttgtgaaaaggggtataaaagatactggaatatcatgctgcgttaatatcaggttggaaat  631  ctgttgcatttgctggttaggcaacagttaacagctagcctatcctgaccagcggatgtggatctgaaaagc 
